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Abstract 

In order to produce ashless coal (HyperCoal) in a high yield, extractions with several organic solvents — tetralin, l-methylnaphthalene, 
dimethyl naphthalene and light cycle oil (LCO) at 2(X)-380°C were conducted for various ranks of coals, and subsequent solid/solution 
separation was done at room temperature. LCO was found to be a useful, cost-effective solvent, since it gave similar extraction yields to three 
other reagent solvents. The extraction yield for Illinois No. 6 coal gradually increased over 200 °C, and a significant increase in extraction 
yield was observed from 350 to 360 °C. We succeeded in producing ashless coal with less than 0.1% in ash content for seven of nine coals 
used in this study. © 2(X)2 Elsevier Science Ltd. All rights reserved. 

Keywords: Ashless coal; Thermal exu-action; Cost-effective solvent: Mild condition; Coal rank 



1. Introduction 

Coal emits a large amount of CO2 per joule compared to 
other fossil fuels when it bums. However, the role of coal as 
an energy source is important because of its large and wide- 
distributed reserves and concern about energy security. 
Thus, more efficient coal utilization to minimize CO2 emis- 
sion is strongly required. In power generation using coal, 
combined cycle systems, such as the PFBC (pressurized 
fluidized bed combustion) and IGCC (integrated gasifica- 
tion combined cycle) systems, which consists of gas and 
steam turbines are proposed to achieve higher net power 
output. However, there are still serious problems such as 
turbine blade erosion, corrosion and fouling due to depos- 
ited ash from coal during firing, although attempts to solve 
these problems are being made. Therefore, it is advanta- 
geous for mineral matter (ash) in coal to be removed before 
being injected into gas turbines. 

So far, removal of ash from coal using acids or alkalines 
has been attempted by ultra clean coal (UCC) projects in 
Australia, for example. However, the treated coal still 
contains ash by 0.1-0.7%, which is not a sufficient level 
for injecting the treated coal directly into gas turbines, and 
the cost of the treatment is expensive. 
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Unlike inorganic solvents, when organic solvents are 
used for coal extraction, only organic components in the 
coal are extracted, however, the amount of the extract 
(extraction yield) is usually quite low at room temperature. 
In contrast, it has been reported that A^-methyl-2-pyrrolidi- 
none (NMP) dissolved more than 60% of coal at its boiling 
temperature (202 *^C) [1]. In addition, lino et al. reported 
that a 1:1 mixture (by volume) of carbon disulfide and 
NMP (CS2/NMP mixed solvent) gave more than a 60% 
extraction yield for some bituminous coals even at room 
temperature [2], and no ash was detected in the extract 
[3]. Ouchi et al. carried out thermal extraction of bituminous 
coals with quinoline at 350 °C in an autoclave under 1 MPa 
of nitrogen, and nearly an 80% extraction yield was 
obtained [4]. Recently, Miura et al. reported that about a 
70% extraction yield was obtained with tetralin for Illinois 
No. 6 coal using a flow- type extractor [5]. Okuyama et al. 
also reported that the thermal extraction yield with NMP for 
Berau subbituminous coal significantly increased over 
300 "^C, although a large amount of NMP remained in the 
extract [6]. Moreover, nearly a 50% extraction yield with no 
ash content was obtained when coal was treated with NMP 
at 300 °C in our preliminary work [7]. More convenient and 
recyclable extraction solvents are required to develop a 
highly economical commercial plant. In addition, no hydro- 
gen sources should be used as a solvent, because large CO2 
emission can never be avoided during hydrogen production 
process. 
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